In the study the results of the relation between infant (neonatal + post-neonatal) mortality and the gynaecological and unemployment factors are presented. The fi ndings are based on Bayesian modelling and indicate the possible infl uence of the unemployment situation on mortality, whereas no correlation was found as regards access to the availability of gynaecological health care. The main conclusion is that elevated unemployment which could be referred to a poor socioeconomic situation (amongst other factors) may force pregnant women to pay more attention to improving their life conditions, than to suffi cient medical controlling.
INTRODUCTION
Infant deaths are mainly attributable to the following causes: pre-maturity, congenital malformations, infections, and sudden infant death syndrome. These death rates (among others) are usually used in epidemiology to determine the health status in regions as well as to correlate with some ecological (health care or socioeconomic) variables.
The factors predisposing to neonatal (to 27 days of life) and post-neonatal (28 to 364 days) deaths have been the subject of intense study for many years. Moreover, the analysis of infant mortality data provides an opportunity for developing preventive strategies to improve this indicator of the population's health.
Pre-maturity
It is stated that pre-maturity alone is the chief cause of infant death and for very underweight babies at birth, pre-maturity related conditions accounted for nearly 70 % of the deaths (1). However, different statistics are given in scientific reports. For example, pre-maturity related conditions accounted for (1) 37.5 % of all deaths. In turn, in the study (2) these causes of infant deaths were responsible for 11 % deaths only.
Premature infant fatality rates vary inversely with the birth weight (3) . Infections or inflammatory disease may contribute to ethnic differences due to the risk of premature delivery (4) . It was found that premature mortality was the greatest in rural counties (in a model predicting 55 % of variation across counties, community structure factors tended to contribute more to this than the availability of medical care). Moreover, the proportions of female-headed households and Afro-american population were the 3 Provincial Hospital in Opole, Poland strongest predictors, followed by variables measuring low education, American Indian population, and chronic unemployment (5) . Generally it has been established that chances of premature infants for survival will be increased largely by prolonging their foetal existence (3).
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Congenital Malformations
Congenital malformations are established as the second leading cause of infant death. They showed a 20% (2, 6), 50 % (7), and 59 % (8) range in mortality rates, respectively.
Socioeconomic trends of higher risks in lower social classes have been reported in the literature for many non-chromosomal congenital malformations including cardiac defects, cardiac septa, digestive system, neural tube and multiple malformations. A comprehensive review on these reports can be found in the article by Vrijheid et al. (9) . However, the authors stress that no other studies have reported socioeconomic variation in multiple congenital anomalies. Besides they found a decreasing risk with increasing deprivation for all chromosomal malformations and Down's syndrome, resulting mainly from differences in the maternal age distribution between social classes that, in turn, may result from socioeconomic related environmental exposures differentially affecting intrauterine survival of foetuses with chromosomal anomalies (9) . However, since the aetiology of congenital anomalies is still largely unknown, larger studies are needed to confirm these findings and to explore their aetiological implications. Moreover, the range of risk factors which could mediate the impact of socioeconomic status on the prevalence of congenital anomalies is wide and includes nutritional factors, lifestyle, environmental and occupational exposures, access to and use of health services, parity and maternal age, and ethnic origin. Thus, it is stressed, that progress in clinical management, together with policies for increased access to prenatal diagnosis, may result in considerable reductions in early neonatal mortality [of e.g. congenital heart disease (10)]. Hence, diagnostic measures together with the use of genetic counselling, screening, and social education still represent the major preventive efforts that may contribute to a significant reduction in neonatal and postneonatal mortality caused by congenital malformations.
Infections
Infection is the acute or associated cause of death causing 9 % of the total post-neonatal mortality (2), 10 % reported by (7) , and 12 % by (8) .
There is a winter peak of deaths from infection, the highest number occurring in December (21 %) (11) . However, infants born in the months of October, November, and December were at decreased risk for viral gastroenteritis, perhaps because of the seasonal pattern of rotavirus infection, the duration of maternal antibody, or the presence of rotavirus IgA in human milk (12) .
Deaths caused by infection were also associated with deprivation (13) . Half of the deaths from infection occurred in crowded households (> 1 adult or child per room) which is also a significant factor (OR = 10.37; 95 % CI: 1.08-99.59) (11) . However, the association of infection mortality in infants with socioeconomic status variables has not always been ascertained (14) .
In addition, breastfed children have a decreased risk of postneonatal death in the United States, although infectious diseases, those most plausibly prevented by breastfeeding, no longer contribute substantially to post-neonatal mortality. Is it plausible that breastfeeding protects not only against infectious disease mortality, through maternal immune enhancing mechanisms, but also against sudden infant death syndrome, accidental death, and others (15) .
It has also been found that there is a marked dose-response effect related to birth weight infection deaths. For example, a study of (16) demonstrated that low birth weight is a significant risk factor for diarrhoeal mortality in the United States.
Moreover, low doses zinc supplementation to gestational age infants may substantially reduce infectious disease morbidity and mortality (14) . With the demonstration that vitamin A supplementation reduces child mortality (17) , there has been increasing recognition of the importance of nutrient deficiencies and their role as determinants of infectious diseases. Therefore, it is becoming clear that a large portion of the risk of infectious disease morbidity and mortality attributed to malnutrition may be the result primarily of deficiency of a few critical micronutrients (14) .
Sudden Infant Death Syndrome
A concise and very comprehensive review about sudden infant death syndrome (SIDS) is given (11) . However, a number of studies on SIDS and risk hypotheses about its aetiology can be found in scientific literature, i.e. pointing to e.g. concepts of multifactor causation with the interaction of risk factors (and varying probabilities) (18) , or maternal risk factors that involve severe anaemia (19) . Genetic alterations that may cause SIDS or gene polymorphisms that may predispose infants to the syn-drome cannot be neglected as well (20) . Some sources report that there is a highly significant association between H. pylori ureC and cagA genes in the stomach, trachea, and lung in cases of SIDS (21) . Furthermore, for infants of well educated mothers, the risk of SIDS is significantly lower than in case of less educated mothers (22) . Findings also indicate that poor postnatal weight gain may be independently associated with an increased risk of SIDS (23) . Nevertheless the majority of research findings suggests that the aetiology of neonatal and post-neonatal mortality from SIDS is heterogeneous, and it is a cause of about 8 % of all infant deaths (6) ranging from 0.77 (11) to 1.20 deaths per 1000 live births (24) . Although in different studies many of the epidemiologic features that characterize SIDS remain generally consistent to each other (11) .
All Groups of Death Combined
Unmarried women had a significantly decreased risk of neonatal death (OR: 0.74) and a significantly increased risk of postneonatal death (OR: 1.40) when compared with married women. What is more, multiparous women have a higher risk of infant death due to inadequate use of prenatal care. The strongest predictors of neonatal and post-neonatal death are infant birth weights of < 2499 g and gestational age of < 33 weeks (4) .
Birth weight is the single most important determinant of infant survival in developing countries. The low birth weight is estimated to be an underlying risk factor in > 70 % of prenatal deaths, 90 % of neonatal deaths, and 50 % of infant deaths. Unlike in developed countries, where preterm birth is the main cause of low birth weight (LBW), in developing countries most LBW infants are small for gestational age (14) .
An increase of one primary care doctor per 10,000 population was associated, on average, with a 2.5% reduction in infant mortality. Moreover, primary care is associated with reduced infant mortality, primarily through better maternal health and lower post-neonatal mortality (25) .
Dramatic changes in income in New Zealand possibly translated into increasing relative inequality in child mortality by income, but not by education or occupational class (26) . Poorer socioeconomic conditions that native American families experience including problems of alcoholism, unemployment, and family disorganization contribute to a high rate of post-neonatal mortality (27) .
AIM OF THE STUDY
The aim of this study is to verify the given facts with the results obtained using a particular data set of infant mortality in relation to health care and a chosen socio-economic factor.
It is of note, however, that in this relatively small province of Opole, Poland, the neonatal and paediatric health care cannot be considered in the geographical dimension since in case of life threat infants are carried out to the central Infant Pathology Unit located in the provincial capital (city of Opole). Therefore, in the aspect of infant health care only the gynaecological care (doctor ratio) can be analyzed statistically. In addition, the influence of the unemployment situation in the region was taken into account. In the paper, first the information on the research material and the chosen method are given. Then, spatial patterns of the mortality and correlation statistics are presented. Finally, the discussion of the achieved findings is conducted.
MATERIALS
The data on live births in the consecutive years 1999-2003 (Table 1) were provided by the Centre of Public Health in Opole. The referred female population in reproductive age (16-39) were taken from the regional Bureau of Statistics in Opole.
From Table 1 Table 2 .
From Table 2 it can be seen that congenital malformations and premature deaths are the leading causes of infant death in the region in the analyzed quinquennium, while the infection stands for the lower infant deaths.
Information on gynaecologists, i.e. numbers of medical doctors in particular counties of the province of Opole that were active in the year 2001 was taken from the Regional Doctoral House in Opole. The data were aggregated into the counties since most of the gynaecological clinics are located in the seats of local authorities. A spatial distribution of care doctor ratio in a reference to women aged 16-34 in the particular counties (2001) is presented in map in Fig. 1 .
In the map showed in Fig. 1 , different ratios of the gynaecological care are observed, though the Prudnik county and the capital of the region are characterized by the densest care supply, respectively.
The unemployment rates in all the communes of Opole province in 2001 were taken from the Bureau of Statistics in Opole. The spatial distribution of the socioeconomic variable is presented in Fig. 2 .
The unemployment pattern showed in Fig. 2 demonstrates that highest rates are observed in the western part of the province of Opole, while the lowest ones are in administrative units located in the east of the region.
METHODS
In the study a fully Bayesian modelling of the data was conducted using Win BUGS 1.4 software (28) . The analysis was 
Fig. 2. Unemployment in Opole province (2001).
based on the random-effects Poisson regression -the conditional autoregressive model and the relative risk (RR) for the mortality was estimated following the example of (28) .
The computation based on a burn-in of 1000 iterations and following a production-run of 10,000 samples provided convincing evidence of converged distributions of the streams of values during the Gibbs sampling.
Then, the linear (Pearson's) correlation coefficients between the modelled RRs for early mortality in infants and the analyzed (health care and socioeconomic) variables were estimated.
RESULTS
The spatial pattern of the relative risk for mortality in infants from the congenital malformations in Opole province is showed in Fig. 3 .
From the spatial distribution exposed in Fig. 3 it can be seen that the elevated RRs for mortality from congenital abnormalities are observed mainly at the edges of the region (the highest risks are noticed in the south-western communes), while the lowest ratios are characteristic for the south-eastern and central territories.
The spatial model of neonatal and post neonatal premature mortality presented in Fig. 4 indicates a much more clustered pattern of risk levels across the province.
The elevated RRs for early premature mortality (Fig. 4) is observed in the north-western part of the region, whereas the remaining territories (especially the southern part) demonstrate the lower risk.
The risk for the infection mortality in infants in Opole province is presented in Fig. 5 .
From the map in Fig. 5 it can be seen (with small exceptions) a clear geographical division of the risk in the region, i.e. the mortality levels are higher in the eastern parts, while the west of the province is characterized by the lower chances.
The spatial model of the sudden infant death syndrome (Fig. 6) indicates medium risk throughout Opole province.
It is notable, however, that the highest RRs for SIDS have been modelled in the four towns located close one to another: Paczków, Otmuchów, Głuchołazy, and Nysa (south-western part of the province - Fig. 6 ) of the state boundary area. The distribution of the relative risk for the neonatal and post neonatal mortality (all groups combined) is presented in a spatial model in Fig. 7 .
The map in Fig. 7 testifies a fairly mosaic pattern of mortality across the region and it is consistent with the modelled risk for the congenital malformation's mortality (compare with Fig. 3) .
The Pearson's correlation coefficients between the modelled infant mortalities and the analyzed health care and socioeconomic variables are shown in Table 3 .
From the coefficients set in Table 3 it can be stated that there is no significant correlation between the neonatal plus post neonatal mortality in infants and the health care provided (gynaecologists' ratio) in Opole province. Whereas, the mortality is strongly related to the socioeconomic situation (unemployment rates) in the region, i.e. the worse unemployment level, the more risk for infant mortality from congenital malformations, prematurity, SIDS, and all groups combined. Surprisingly, an adverse effect is observed for the mortality caused by infections (see Table 3 for details).
DISCUSSION
We presented an ecological analysis of infant mortality in healthcare and socioeconomic aspects using the so-called ecological variables, i.e. gynaecological doctor ratio and unemployment. A geographical representation of a relative risk according to death causes testifies considerable diversity in mortality rates throughout the province of Opole in the analyzed period. The spatial models of mortalities from the congenital malformations and for the all groups combined prove evidence rather of a mosaic distribution of these risks, whereas the patterns for the mortalities caused by the prematurity, SIDS, and infections were more clustered.
It may be noted that linear correlation analysis surprisingly indicated no influence of the health care provided (represented by the gynaecological doctor ratio per 1,000 women in reproductive age) on the infant mortality in the region. This fact thus denies the possible effect of the worse gynaecological medical infrastructure on neonatal and post neonatal deaths, and vice versa (all the estimated Pearson's correlation coefficients are insignificant). However, due to centralization of the neonatal and paediatric health care for infants this relation cannot be evaluated in this study.
At the same time, the unemployment rate for the given communes (expressed in percentage) treated in the research as the determinant of the economic level of the people living in the region, occurred as a factor strongly influencing the mortality of infants. The achieved data concerning death causes in total as well as other causes, except for infections, have been expected and confirm the earlier cited reports and observations. They indicate that low social and economic status may be a vital factor in increasing the risk of pregnancy complications, including congenital malformations, prematurity, sudden infant death syndrome, and all groups combined.
CONCLUSIONS
In so far, the general conclusion from this study could be as follows: the levels of the risk for neonatal and post-neonatal mortality did not result in the gynaecological healthcare disproportion supply in the province of Opole. Because of the unemployment causing a poor socioeconomic situation, pregnant women paid more attention to improve their living conditions, than to an adequate medical consultation. Some social dysfunctional factors might play a role in the explanation of the risk of infant mortality.
The observation which is worth mentioning is a negative correlation between the low unemployment and the frequency of infection-related deaths. The following scenario is taken into consideration: in the high economic status sub-regions pregnant women more often visit gynaecologists, they more often undergo gynaecological check-ups and, as a result, this can be the reason for the increase in transmission of foetal infections. However, further research needs to be carried out to prove such a relationship exists and also to find other factors. (1999) (2000) (2001) (2002) (2003) .
